Targeted tumor theranostics using folate-conjugated and camptothecin-loaded acoustic nanodroplets in a mouse xenograft model.
In this study, we aimed to validate the feasibility of receptor-targeted tumor theranostics with folate-conjugated (FA) and camptothecin-loaded (CPT) acoustic nanodroplets (NDs) (collectively termed FA-CPT-NDs). The ND formulation was based on lipid-stabilized low-boiling perfluorocarbon that can undergo acoustic droplet vaporization (ADV) under ultrasound (US) exposure. Conjugation of folate enhanced the selective delivery to tumors expressing high levels of folate receptor (FR) under mediation by the enhanced permeability and retention effect. In vitro and in vivo studies were performed using FR-positive KB and FR-negative HT-1080 cell lines and mouse xenograft tumor models. Simultaneous therapy and imaging were conducted with a clinical US imaging system at mechanical indices of up to 1.4 at a center frequency of 10 MHz. The results demonstrated that FA-CPT-NDs selectively attached to KB cells, but not HT-1080 cells. The targeted ADV caused instant and delayed damage via mechanical disruption and chemical toxicity to decrease the viability of KB cells by up to 45%, a much higher decrease than that achieved by the NDs without folate conjugation. The in vivo experiments showed that FR-mediated targeting successfully enhanced the EPR of FA-CPT-NDs in KB tumors mainly on the tumor periphery as indicated by immunofluorescence microscopy and US B-mode imaging. Treatments with FA-CPT-NDs at a CPT dose of 50 μg/kg inhibited the growth of KB tumors for up to six weeks, whereas treatment with NDs lacking folate produced a 4.6-fold increase in tumor volume. For HT-1080 tumors, neither the treatments with FA-CPT-NDs nor those with the NDs lacking folate presented tumor growth inhibition. In summary, FR-targeted tumor theranostics has been successfully implemented with FA-CPT-NDs and a clinical US unit. The ligand-directed and EPR-mediated accumulation provides active and passive targeting capabilities, permitting the antitumor effects of FA-CPT-NDs to be exerted selectively to FR-positive tumors and simultaneously providing targeted US imaging capabilities.